Abstract Anthropogenic activities are substantially changing coastal wetland ecosystems globally. In developing countries such as China, a number of anthropogenic factors associated with rapid population growth and economic development threaten coastal wetlands. In China, notably, coastal wetlands have been increasingly lost to reclamations that are widely adopted to meet the increasing demand for land under rapid economic development. Coastal wetland management requires understanding the patterns of and the mechanisms underlying such human impacts. In this special issue, we synthesize current understanding of environmental changes and human impacts on China' coastal wetlands, focusing on reclamation. Coastal human activities in China are found to change shoreline evolution and wetland hydrology, to deteriorate soil and water quality, to alter vegetation succession, benthic animal and microbial communities, and fisheries, and to impair ecosystem functioning and services. For some of those impacts, new models and indices are developed or applied. We also outline key research areas that should be further studied for effective management of coastal wetlands and successful wetland restoration. We suggest that developing a multi-objective, multi-scenario, and multi-scale framework of integrated management will be crucial to the success of China's coastal wetland conservation with increasing human dominance of the nation's coasts.
Introduction
Anthropogenic activities worldwide are substantially changing coastal wetland ecosystems (Lotze et al. 2006; Halpern et al. 2008) . Globally, 35 % of mangroves, 29 % of seagrass beds, and 30 % of coral reefs have been lost over the last few decades (Barbier et al. 2008; Waycott et al. 2009 ). As coastal wetlands provide many essential ecosystem services for human societies, including storm and hurricane protection, pollution purification, and nursery ground for economically important fisheries (Woodward and Wui 2001; Barbier et al. 2011) , sustainable development of coastal societies requires effective measures of wetland conservation and restoration. However, current understanding of the patterns of and the mechanisms underlying human impacts on coastal wetlands is limited, especially in developing regions where humandriven wetland changes are accelerating with rapid population growth and economic development (He et al. 2014) . A better understanding of human impacts on coastal wetlands is critical to the success of wetland conservation and restoration.
Anthropogenic factors that threaten coastal wetlands include at least climate change, pollution, and reclamation (Bromberg Gedan et al. 2009 ). Reclamation, as a way for humans to acquire land and space for industrial development, mariculture, agriculture, urban sprawl, and recreation, is among the most widespread human threats to coastal wetlands. Reclamation has long been adopted in coastal countries worldwide, particularly in Europe and Asia (Bromberg Gedan et al. 2009; He et al. 2014) . In The Netherlands, a country that has successfully adopted coastal reclamations for 800 years, approximately one-fourth of its territorial land was gained from reclamation (Hoeksema 2007) . In Japan, reclaimed areas have grown by 120,000 km 2 over the last century, and onethird of the land in coastal cities has been acquired through reclamation (Suzuki et al. 2003) . In China, reclamation has also been used for land expansion in coastal regions where population concentrates and there is an increasing shortage of land for economic development (He et al. 2014; Wang et al. 2014) . Reclamation has been adopted to develop salt production pans (at early stages of the founding of China), agriculture (in the 1960s and 1970s), and mariculture (in the 1980s and 1990s) (Wang et al. 2014) (Fig. 1) . The total area of reclamation grew from 8241 km 2 to 13,380 km 2 between 1990 and 2008 (Council of Chinese Academy of Sciences 2011). For 2010 to 2020, the State Council of China have approved in total~2500 km 2 of coastal wetlands to be reclaimed, covering all of China's coastal regions (Fig. 2) .
With intensifying coastal human activities, human impacts on coastal wetlands have been increasingly studied by wetland scientists, to understand the patterns of and the mechanisms underlying human-driven changes in the structure and functioning of coastal wetlands and to inform effective wetland management and restoration. Reclamations, for example, have been shown in some studies to change the natural patterns of coastal wetlands and block wetland ecological and hydrological connectivity (Richardson and McCarthy 1994; Ferrarin et al. 2015) , likely contributing to the outbreak of disasters including floods. Reclamations have also been found to destroy coastal wetland resources, reduce biodiversity (IbarraObando and Poumian-Tapia 1991; de Jong and van der Pluijm 1994; Wu et al. 2005) , and affect species interactions in wetland food web networks (Min and Kim 2000) . Such activities also affect water quality, reduce water exchange capability, and exacerbate eutrophication and pollution (Anisfeld and Benoit 1997; Portnoy and Giblin 1997; Feng et al. 2004) . Moreover, reclamations impair the ecosystem services of wetland ecosystems (Zedler 2003; Wang et al. 2010) . While the impacts of human activities on coastal wetlands have been documented in many papers and have been the subject of several reviews (Richardson and McCarthy 1994; Kennish 2001; Lee et al. 2006; Bromberg Gedan et al. 2009 ), current understanding from developing countries such as China is relatively limited.
This special issue is to provide a synthesis of studies on environmental changes and human impacts on coastal wetlands in China, focusing on reclamations. Here, by summarizing the contents of this special issue, we review the effects of coastal human activities on (1) wetland morphology and hydrology, (2) water and soil pollution, (3) biodiversity and habitats, and (4) ecosystem functioning and services. The implications of those studies for wetland management and restoration are also discussed. To conclude, we highlight major research priorities and challenges that are crucial to furthering understanding of coastal human impacts, wetland management, and restoration of degraded wetlands.
Wetland Morphology and Hydrology
Coastal human activities, firstly, can modify the morphology of coastal wetlands. In this special issue, Zhu et al. (2016) examine how reclamations affect shoreline morphology between 1987 and 2012 in two regions of the Yangtze River Estuary, China, where reclamations have been intense. Using several indices extracted from SPOT satellite images, including length, area change rate, and fractal dimension, the authors show that while shoreline length, wetland area, and fractal dimension generally increased under natural conditions, reclamation activities made it more difficult to predict changes in shoreline morphology a priori. Nevertheless, increased shape entropy, a novel index based on the Shannon formula in information theory, was found to be typically correlated with reclamation intensity, suggesting that shape entropy can be a valuable index for assessing the effects of reclamation activities on shoreline morphology. The authors also demonstrate the value of this index in assessing the impact of reclamation activities in another major estuary in China -the Yellow River Estuary, showing that this index can be applied in other coastal regions or landscapes. Thus, this work provides a new way to assess the impact of land reclamations on shoreline morphology.
A major impact of human activities on wetlands is the direct alteration of the hydrological and hydrodynamic conditions between coastal wetlands and their adjacent systems, such as rivers, oceans, and groundwater. For instance, alterations in hydrological regime and sedimentation caused by reclamation in the Mississippi Delta severely affected coastal wetlands comprising approximately 12,000 mile 2 , which accounted for about 40 % of the salt marshes in the US (Twilley and Rivera-Monroy 2009) . Thus, an improved understanding of wetland hydrological processes is important to elucidate the impacts of human activities on coastal wetlands. In this special issue, Liu and Mou (2016) provide a review of interactions between wetland surface water and groundwater.
They suggest that surface water and groundwater interactions play a vital role in controlling water and salinity regimes in coastal wetlands. Human activities (e.g., dam construction, farming) change surface water and groundwater interactions, resulting in altered water and salinity regimes that ultimately affect biological communities in wetlands. Thus, the authors argue that mitigating human impacts on coastal wetlands should be achieved with a better understanding of surface water and groundwater interactions.
Water and Soil Pollution
Human activities substantially affect environmental water quality, posing threats to human health and regional environmental safety (Hyfield et al. 2008; Mietton et al. 2007) . In this special issue, Shao et al. (2016) report seasonal variations in absorption and fluorescence properties of chromophoric dissolved organic matter (CDOM), the light absorbing fraction of dissolved organic matter, in rivers across the Liao River Delta in Northeast China, showing that rivers across the Liao River Delta exhibited strong protein-like fluorescence of CDOM in the water column, indicating serious anthropogenic pollution. Another paper by Cheng et al. (2016) in this special issue examines temporal and spatial trends in ten antibiotics in the water column in the intertidal zone of Bohai Bay, northern China. Their work shows that the total concentrations of those antibiotics ranged from 41.53 to 222.43 ng L −1 , levels that were higher than those found in offshore areas. Their work further shows that areas with aquaculture activities or river Wang et al. (2014) discharge exhibited high concentrations of antibiotics. These studies suggest that intensifying anthropogenic activities are significantly deteriorating water quality in coastal wetlands. Also needed is an understanding of pollutant movement and distribution in wetland flows. Li et al. (2016a) provide an analysis method for predicting the critical length and duration of contaminant cloud in a three-layer wetland flow.
While changes in the water environment are often apparent, soil quality is not unaffected. The same paper by Cheng et al. (2016) shows that the concentration of antibiotics in soil sediments in the intertidal zone of Bohai Bay was high, especially in areas with aquaculture activities. High levels of antibiotics may affect aquatic organisms, change microbial community and function, and promote resistance genes (Huang et al. 2013; Zhang et al. 2013 ). On the other hand, Yao et al. (2016) examine heavy metal pollution in salt marsh soils in the Yellow River Delta, Shandong, focusing on the impact of oil exploitation. They find that although wetland soils in the Yellow River Delta were not heavily polluted by heavy metals including Cu, Ni, Zn, Cd and Pb, heavy metal pollution, especially Cd pollution, was highest in the oil exploitation zone they examined. Furthermore, soil heavy metal concentration was higher in areas without vegetation cover than those with a high cover of vegetation such as Suaeda salsa or Phragmites australis. The authors therefore suggest that coastal wetlands in the Yellow River Delta may become under serious threats of heavy metal pollution with continuing oil exploitation and coastal reclamation. Similarly, Lu et al. (2016a) report their assessment of heavy metal pollution in a shrubby wetland dominated by Tamarix chinensis in the Yellow River Delta. While they also confirm that soil heavy metal contamination was still low in this region, the mean contents of heavy metals including As, Ni, Cr, Zn, Pb, Cd and Cu all exceeded the background values of the Yellow River Delta, except for Zn and Pb. Importantly, they find that As pollution contributed most to the total toxic units of heavy metals, and suggest that As pollution should be controlled for the health of ecosystems in this region.
Biodiversity and Habitats
Although it is relatively well understood that many human activities alter vegetation dynamics in coastal wetlands, the mechanisms underlying such impacts have yet to be better explored. In this special issue, Qi et al. (2016) study how different plant traits and stress types influence vegetation changes after tidal restriction. To do so, Qi et al. propose a relative stress tolerance concept to couple stress tolerance and competitive ability in a dynamic vegetation model. This model was applied to the tidal restriction area of the Yellow River Delta, showing that the key determinants for altered species abundance following tidal restriction for Phragmites australis, Tamarix chinensis, and Suaeda glauca (should be Suaeda salsa instead) were competitive ability, waterlogging stress, and a combination of waterlogging stress and competitive ability under soil salinity stress, respectively. The authors also find evidence for a hysteretic effect of the hydrological conditions, and that the examined plant community can achieve the same equilibrium state under different extents of tidal restriction. Their model of vegetation response to hydrological changes provides a valuable solution to the difficulty of specifying changing species interactions with changing physical environment in dynamic vegetation models.
Tidal restriction and hydrological changes also affect communities other than plants, such as macrobenthos. Macrobenthos are a key component of biological communities in wetlands. They provide essential wetland functions including decomposition and nutrient cycling, and are food resources for birds and fish (Lee 2008) . It is possible that human activities have substantial effects on benthic species. In reclaimed wetlands, for example, soil substrates are often entirely destroyed, thus resulting in catastrophic damages to benthic communities. Except for a few highly mobile benthic species that can escape, most benthic species, including many economically important shellfish, will be buried and die. However, the impact of coastal human activities on wetland macrobenthos has not been studied as well as that on vegetation. In this special issue, Li et al. (2016b) examine benthic animal responses to tidal restrictions of different stages in the Yellow River Delta, where tidal restriction (and freshwater introduction) has been used to transform salt marshes (viewed as wastelands) into freshwater or brackish wetlands. This study finds that while tidal restriction increased the species richness and density of macrobenthic invertebrates, macrobenthic biomass was highest in areas without tidal restriction. In another paper, Dou et al. (2016) show that hydrological connectivity mediated the diversity and density of macrobenthic invertebrates in the Pearl River Delta, a heavily developed coastal delta in southern China, where macrobenthic diversity and density were greater in high than in low hydrological connectivity riverine habitats. These studies on the responses of macrobenthos to coastal hydrological variation reveal that anthropogenic alterations of coastal hydrology such as those by reclamations can profoundly affect macrobenthic communities in coastal wetlands.
Even less studied are the impacts of human activities on wetland microbial communities. In this special issue, Zhang et al. (2016a) compare the distribution and composition of microbial taxa between reclaimed and non-reclaimed coastal wetlands in the Yellow River Delta. They find that bacterial abundance was significantly lower in reclaimed areas than in non-reclaimed areas and that salinity was the major environmental factor underlying differences in bacterial relative abundance and diversity. Anaerolinea abundance had a significantly positive correlation with salinity. As Anaerolinea grows only in anaerobic conditions (Overmann 2008 ) that are more common in non-reclaimed than in reclaimed areas, the authors suggest that Anaerolinea genus can serve as an indicator of wetland responses to reclamation-associated environment change. Their work provides an interesting perspective of human-driven changes in wetland microbial communities.
Wetland reclamation may also affect coastal fisheries. On one hand, reclamation alters water transparency and dissolved oxygen, which affect fish growth. Fish spawning grounds are often located in shallow-water zones near shores with freshwater inputs, low salinities, and abundant plankton. Reclamation can result in the dispersal of high-concentration suspended particles that damage fish spawns and larvae, severely affecting the habitats and migration of fish (Auld and Schubel 1978; Limburg and Schmidt 1990; Alquezar et al. 2006) . This can cause the disappearance of fish spawning grounds, outward movement of fisheries, recession of important fisheries, and declines in fish catch and mariculture. On the other hand, changes in water suspended particles affect the food sources, community structure, and functioning of zooplankton (Bouillon et al. 2000; David et al. 2005) . In this special issue, Zhang et al. (2016b) assess the suitability of habitats around the Yellow River Estuary for jellyfish (Rhopilema esculenta) and Chinese shrimp (Penaeus chinensis), two fishery species that are of high economic value and widely distributed in this region (Wang et al. 2006 , You et al. 2007 ). To do so, Zhang et al. employ two habitat indices, namely the Habitat Suitability Index (HSI) and the Habitat Aggregation Index (HAI, which incorporates internal patches and fragmentation of the habitat), based on a fuzzy logic method, and evaluate habitat suitability under different scenarios of terrain conditions to simulate land reclamation activities over the last two decades. Their results show that the suitable habitat areas (assessed based on water depth, temperature, and salinity) for both jellyfish and Chinese shrimp declined substantially over the period of 1989-2009, especially under reclamations between 1999 and 2009. Interestingly, however, habitat quality as indicated by the HAI index showed an increasing trend between 1999 and 2009. The authors suggest that reclamation strongly reduces suitable habitat areas for these fishery species, but the impacts of reclamation may have some positive effects on habitat quality. The methods and indices proposed in this paper are not without limitations, but the fuzzy logic method they employ is potentially valuable for assessing the impacts of reclamations on fisheries habitats, especially for areas that lack field data.
Ecosystem Functioning and Services
Human activities not only change wetland biological communities, but also quantitatively and qualitatively affect nutrient cycling, energy flow, and other functions of coastal ecosystems. Reclamations, for example, can cause excessive accumulation of nutrients in wetlands, and change the flux of carbon and other materials in deltaic regions and therefore affect the land-ocean-atmosphere carbon exchange (Bianchi and Allison 2009) . How human activities affect biogeochemical processes of coastal wetland ecosystems must be systematically investigated. In this special issue, Song and Liu (2016) compare seasonal variations in ecosystem respiration (CO 2 ) and CH 4 fluxes among seawall blocked wetlands, oil fields, aquaculture ponds, and a Spartina alterniflora-invaded wetland in the Yellow River Delta. The authors find that greenhouse gas emissions were especially high in the Spartina alterniflora-invaded wetland. Blocking wetlands by seawalls may accelerate CO 2 emission due to lowered soil moisture, while aquaculture ponds was primarily a source of CH 4 and a sink of CO 2 . Also in this special issue, Shen et al. (2016) analyze the effects of variation in freshwater flow on aquatic metabolism (gross primary production, ecosystem respiration, and net ecosystem metabolism) in the Yellow River Delta, and find that salinity changes driven by the amount of freshwater flow were a primary driver of the metabolism rate of the coastal wetland there. Zhao et al. (2016) examine the spatial and seasonal variations of soil organic carbon (SOC) and total nitrogen (TN) stocks in natural tidal salt marshes in the Yellow River Delta. They find that the relationship between soil organic carbon density (SOCD) and proximity to tide creeks varied with season, and that soil salinity and water content regulated SOC and TN content and stock in the studied salt marshes. In another paper (Lu et al. 2016b ) in this special issue, these authors report a field experiment examining how water levels and salinity mediate the total sulfur (TS) content of salt marsh soil in the Yellow River Delta. They find that salinity, rather than water level, primarily mediated the TS content in the top 20 cm soil at their study site, and that the TS content exhibited high levels of accumulation in the surface soils at all inundation levels. Together, these studies, preliminary in nature, contribute to an understanding of wetland biogeochemistry and how human activities and the resulting alterations in hydrology and salinity may affect the biogeochemistry and functioning of coastal wetlands in China.
Many ecosystem services provided by coastal wetlands, including climate and flood regulation, protection from natural disasters, and pollutant purification can also be impaired by human threats (Zedler 2003; Craft et al. 2009 ). For instance, reclaiming and draining wetlands, which decreases soil carbon accumulation and storage capabilities, is one of the key factors that drive soil carbon loss in wetlands (Lal 2004 ). Because of interdependencies between different ecosystem services (Chee 2004; Nicholson et al. 2009 ), human impact on one ecosystem service can have a ripple effect on other ecosystem services. Scientific assessment of human impacts on the value of wetland ecosystem services has become an essential next step towards effective resource use and management of coastal wetland ecosystems (Bianchi and Allison 2009; Perillo et al. 2009 ). In this special issue, Li et al. (2016c) use emergy analysis to value the inputs, state, and outputs of the ecosystem services following freshwater releases that were to improve the ecosystem functioning of freshwater wetlands in the Yellow River Delta. Their analysis is holistic, including ecosystem services ranging from provisioning (e.g. biomass production), regulating (e.g. CO 2 fixation, water purification), cultural (e.g. tourism), to supporting (e.g. maintaining biodiversity) ecosystem services. Their results show that freshwater releases between 2001 and 2008 improved the provisioning, regulating, and cultural ecosystem services from the coastal wetlands. The authors further show that the ability to supply ecosystem services per unit of inputs, indicated by the emergy yield ratio, increased by 71.3 %. These results suggest that environmental flows are important to the ecosystem services of the Yellow River Delta wetlands. While this work focused mainly on the hydrological effects on coastal wetland ecosystem services, their methodology should be applicable to analyzing other wetland change issues induced by human activities.
Ecological Management and Restoration
These studies on human impacts on wetland morphology, hydrology, water and soil pollution, vegetation, benthic animals, microbes, fisheries, ecosystem functioning, and ecosystem services have important implications for management of coastal wetlands and wetland restoration. Indeed, Qi et al. (2016) use their dynamic vegetation model to simulate the response of vegetation to tidal reintroduction, and find that vegetation did not respond during the first four years of tidal reintroduction, due to hysteretic effects, but then recovered rapidly. Thus, the authors recommend rapid alteration of the hydrological regime to reduce hysteretic effects in wetland restorations. Xie et al. (2016) develop a risk-based balance inexact water resources optimization model that considers both wetland ecological water demand and water quality problems for regional water resources management. Li et al. (2016b) show that the current wetland restorations practiced in the Yellow River Delta primarily focused on the reestablishment of freshwater vegetation. Although this project has successfully reestablished dense vegetation and bird populations (Cui et al. 2009 ), Li et al. reveal that macrobenthos were not always successfully restored. Thus, they recommend evaluating the success of a restoration project with the responses of multiple taxa including vegetation, macrobenthos and waterbirds. What index should be used to assess the success of wetland restoration is indeed highly controversial (Staszak and Armitage 2012) . Li et al.' s study contributes to that establishing an integrated index that can comprehensively and accurately reflect patterns and processes of wetlands is an important next step. This study further highlights the importance of adaptive management and long-term monitoring in wetland restorations.
Future Research Priorities
The studies synthesized in this special issue show that coastal human activities in China, especially large-scale wetland reclamations, not only directly modify wetland morphology and hydrology, but also cause severe water and soil pollution, lead to biodiversity and habitat losses, and impair wetland ecosystem functioning and the ecosystem services they provide, thus having severe and multi-faceted impacts on coastal wetlands. Developing a comprehensive scheme of measures for conservation and management of China's coastal wetlands is thus essential for sustainable development of the coupled humanocean ecosystems in China (He et al. 2014) . Here, we propose such a scheme aimed at (1) scientifically managing coastal human activities including reclamations, (2) establishing procedures for restoration of impaired coastal wetlands and ecological compensation, and (3) coordinating socio-economic development and environmental conservation. Achieving these goals would require further studies, especially for the following areas:
(1) Tempo-Spatial Dynamics of Coastal Human Activities and Wetland Ecological Patterns Future research should reveal the types and distribution patterns of coastal human activities in different geographical regions and socioeconomic development stages in China, to examine differences and similarities between different regions and tempospatial scales, and to quantitatively assess the extent and intensity of coastal human activities (He et al. 2014; Wang et al. 2014) . Research also needs to analyze the evolution of ecological patterns and changes in different wetland types, and to reveal tempo-spatial patterns in wetland ecosystem change through comparative analysis of wetlands (Antos et al. 2007 ). Furthermore, research should identify the relative and combined roles of multiple drivers in wetland ecological pattern change, simulate the feedbacks and changes in wetland ecosystems under different scenarios of human activities and climate change, and quantitatively assess the relative contribution of different types of human impacts to wetland ecosystem change.
(2) Coastal Human Impacts on Wetland Biodiversity and Underlying Mechanisms Future research should quantify the effects of coastal human activities of different intensities on wetland biological communities at different temporal and spatial scales, and reveal the abiotic and biotic processes underlying such effects. For example, research should examine how human activities affect hydrological/hydrodynamic conditions and water-salt balance in coastal wetlands, and address the response of wetland sensitive biota to hydrological changes induced by human activities. Also, coastal human activities can cause massive organic pollutants, heavy metals, and nutrients to enter wetland waters. Research should investigate how environmental water quality, such as water environmental issues in mariculture zones, is altered, and explore the linkages of red tide blooms and fishery collapses with human-induced changes in environmental water quality.
(3) Effects of Coastal Human Activities on Wetland Ecosystem Functioning and Sustainable Uses of Wetland Resources Research should examine the effects of different human activities on wetland ecological integrity (structural and functional integrity; De Leo and Levin 1997) and reveal the mechanisms underlying the effects of human activities on wetland functional integrity by studying biological adaptation and ecosystem processes, and by analyzing changes in disturbance resistance, resilience, and stability of wetland ecosystems. Research should develop methods to evaluate wetland ecosystem services and predict changes in wetland ecosystem services under multiple scenarios. Furthermore, research should incorporate potential changes in ecosystem services of various wetland types, as well as variations in controlling factors and uncertainty analysis, to simulate and distinguish the transformation, mutation, and invalidation thresholds of ecosystem services, thereby providing theoretical and technical support for wetland ecological restoration and safety control.
(4) Mechanisms of Restoration of Impaired Wetlands and Ecological Compensation Research should identify the regions, processes, and patterns that are key to the restoration of wetlands of different types, and explore the methods and procedures in selecting targets for restoration and compensation, determining restoration or substitutional areas, and quantifying the scale of ecological restoration/compensation and the compensation rates for different restoration types. Studies should consider the ecological feasibility and socio-economic boundaries of restorations to simulate and design wetland ecological networks that can be used to regulate regional hydrological processes, conserve biodiversity, enhance the overall functioning of wetland ecosystems, and optimize the resilience and adaptability of wetland networks. Furthermore, research should incorporate social needs and knowledge into wetland ecological networks and connect them effectively to regional social networks, and should incorporate ecological compensation and economic networks into wetland ecological networks. Finally, studies should optimize the structure and functioning of wetland ecological networks under various scenarios, and formulate a multi-objective, multi-scenario, and multi-scale framework for integrated coastal wetland management (Alvarez-Romero et al. 2011 ).
Clearly, many more studies are needed for a comprehensive understanding of human impacts on China's coastal wetlands and for effective wetland management and conservation. We hope that this special issue can serve as a scientific starting point for a new fruitful line of research and conservation measures, to foster a sustainable future of coastal wetlands and human societies in China, as well as in other developing countries and regions.
